This study aims to investigate about the existence of a graphical facilitation effect on probabilistic reasoning. Measures of undergraduates' performances on problems presented in both verbal-numerical and graphical-pictorial formats have been related to visuo-spatial and numerical prerequisites, to statistical anxiety, to attitudes towards statistics and to the confidence in response correctness. Psychology undergraduates in Italy and Spain with no statistical expertise (N= 676) completed a protocol under conditions of presence versus absence of time pressure. Hierarchical linear regressions and ANCOVAs with mixed design have been carried out separately for each sample. The best predictor of performance in both formats has been the confidence in solution correctness under the condition of time pressure administration, which seemed to promote the commitment to the task. The findings suggest that the eventual occurrence of a graphical facilitation could be the result of a multifactorial interaction among contextual and individual dimensions, rather than being strictly related to the problem presentation format.
INTRODUCTION
Many studies have sought to appraise the effects on problem solving performance of the individual and task features. In particular, probabilistic problems belong to a specific kind of task which subjects must cope with on a daily basis, chiefly when dealing with statistics. As it is well known, probabilistic problem solving implies multifaceted relationships among many elements, including previous experiences and performances (Galli, Chiesi, & Primi, 2011; Guàrdia-Olmos et al., 2006) , beliefs and attitudes towards statistics (Garfield & Gal, problems should involve the construction of a mental model, which, in turn, would be related not only to verbal but also to visuo-spatial processing. JohnsonLaird et al. (Johnson-Laird, 1983; Johnson-Laird, Khemlani, & Goodwin, 2015) extended the area of theory's application, stating that subjects solve problems by applying higher-level representations. Within this context, one consequence could be that the observed failures should be related to the improper selection of the specific mental model. Consequently, the use of problem presentation formats supporting the correct selection of the needed mental model would help to improve the individual's performance.
In order to assess the validity of these generic ideas in specific contexts, recent studies have investigated the use of graphical representations in many areas of knowledge. The aim has been the understanding of the relationships among different reasoning dimensions (Britt & Chen, 2013; Cumming, 2007; Fernández-Aguirre, Garín-Martín, & Modroño-Herrán, 2014) . Some authors asserted that graphic formats may provide a way to clarify probabilistic reasoning (e.g., Brase, 2000; Brase & Hill, 2015; Johnson & Tubau, 2013; Mandel, 2014b; Tubau, 2008) . Conversely, other authors (delMas, Garfield, & Ooms, 2005; Knauff & JohnsonLaird, 2002) have argued that graphic formats may obstruct reasoning because the cognitive system could thereby be loaded with auxiliary indications that are irrelevant to problem solving.
In this regard it could be suitable to mention the Stanovich's problem solving Dual-Process Theory (2009; 2011) . The latter supposes that problem data are managed by two kinds of processing: autonomous (Type I) and analytic (Type II). The Type I is connected to activities defined as non-conscious, contextualised, associative and automatic, which don't require an intense use of the working memory. Conversely, the Type II processing is characterized by a robust application of working memory, the normative responses, precise and rule-based, in turn associated with general and specific abilities, as well with plain knowledge (Evans & Stanovich, 2013; Klaczynski, 2014) . The Type II designates the algorithmic mind (demarcated by individual differences in fluid intelligence, linked to the education) and the reflective mind (defined by metacognitive procedures that establish the rational thinking dispositions) (Evans & Stanovich, 2013) . In principle, this perspective could yield a useful key to explore the eventual occurrence of facilitation effects. Namely it could take into account the interactions between different aspects of problem solving and the possibility that dissimilar formats of problem presentation could support different types of data processing processes (e.g., Klaczynski, 2014; Oaksford, 2015) . However, in order to achieve a higher predictive power within the specific context of State of the literature • In the last decades the real difficulties faced by undergraduates in statistics have been highlighted. Specifically, the study of probabilistic reasoning evaluated the characteristics of this reasoning, searching for ways to improve the performances of participants in these problems.
• The presentation of problems in frequency formats, in a natural sampling framework, using graphical-pictorial representations has been evaluated as a useful way to enhance performance.
• Nevertheless, it is necessary to clarify how it is possible to explain these enhancements. The relations among multiple contextual and individual factors deserve further investigation, specifically in relation to the contribution of cognitive and noncognitive dimensions.
Contribution of this paper to the literature
• The paper clarifies the features of graphical facilitation on probabilistic reasoning, their relations with contextual and individual characteristics, in Italian and Spanish undergraduates without any statistical knowledge.
• We compare the performance in verbal-numerical and graphical-pictorial formats, in presence versus absence of time pressure, regarding visuo-spatial and numerical abilities, anxiety, attitudes and confidence.
• Differently from bibliography, we matched the performance of the same student in similar problems administered in both presentation formats. There are not researches that considered simultaneously the effects of all these dimensions; specifically the role of visuo-spatial abilities, confidence and time pressure have largely been disregarded.
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facilitation effects, the Dual Process Theory must be complemented by more particular hypotheses about the mental coding processes which could be more important when searching for the solution of a probabilistic problem. In this regard we find in literature two different positions. The first one is given by the natural frequency hypothesis (e.g. Cosmides & Tooby, 1996; Gigerenzer & Hoffrage, 1995; Zhu & Gigerenzer, 2006) asserting that subjects search for a solution by building a mental model of the relationships among the different data frequencies occurring in the problem at hand. Therefore the graphical devices could help the subject to building the more effective model of frequencies relationships. Instead the nested-set hypothesis (e.g. Evans, Handley, Neilens, & Over, 2010; Girotto & Gonzalez 2001; Sloman, Over, Slovak, & Stibel, 2003; Yamagishi, 2003) holds that the mental model to be built by a subject is made by the relationships among the different sets and subsets of data occurring within the problem. In this case the graphical representation might support the subject to detect the more effective structure of subset relationships.
Recently Sirota et al. (Juanchich & Sirota, 2015; Sirota & Juanchich, 2011; Sirota, Juanchich, & Hagmayer, 2014) evaluated the contribution of individual differences in Bayesian reasoning, sustaining the nested-set approach in the clarification of this reasoning. These authors moreover corroborated the null iconicity effect in order to explain the facilitation effect in probabilistic reasoning (Sirota, Kostovičová, & Juanchich, 2014) , related even now to the nested sets approach. Formerly the facilitation effect in the probabilistic reasoning might be related to the structure of the problem presentation and to the use of frequency format, rather than to the use of graphical devices (e.g., Sirota, Kostovičová, & Juanchich, 2014) . For these reasons in the study of performance in probabilistic reasoning it appears as more convenient to investigate the individual differences (Sirota, Juanchich, & Hagmayer, 2014; Stanovich, & West, 2000) and the contribution of specific features, subject's abilities and beliefs (Hoffman, 2010) .
In reference to these perspectives, it would be challenging to identify the specific individual and task features that could support the effect of graphical facilitation. The experimental evidence thus far collected in probabilistic problem solving is conflicting. A further investigation involving other relevant variables, in addition to the presentation mode, is therefore necessary to assess the part played by graphics in modulating the performance. This paper reports some preliminary results of one such study.
The Effect of Metacognitive, Cognitive, and Non-Cognitive Factors on Probabilistic Reasoning
Many studies, attempting to investigate the multiple dimensions involved in this reasoning, have been conducted.
For instance, Lalonde and Gardner (1993) identified some predictors (as well as their interactions) of outcomes in statistical achievement: mathematical abilities, attitudes, statistical anxiety and effort. Tremblay, Gardner and Heipel (2000) showed that anxiety, aptitudes and motivational aspects can affect statistical achievement. Additionally, Sorge and Schau (2002) evidenced the influence of previous curricula and attitudes towards statistics on statistics achievement. Chiesi and Primi (2009a; 2010) observed that mathematical ability was a crucial factor in attitudes towards and performance in statistics in Psychology undergraduates.
Visuo-spatial ability appears as crucial when evaluating the effects of graphical facilitation, but few studies have been conducted on this topic. Kellen, Chan and Fang (2006; 2013) evaluated the impact of diagrams on reasoning, and observed that the presence of graphics increases the difficulty in problem solving for individuals with low visuo-spatial abilities. They supposed that these subjects may have difficulties when solving problems in graphical-pictorial format because the cognitive process could share working memory resources with non-visual reasoning, thus overloading the capacity for information processing (Kellen et al., 2013) . They also emphasized that performance in the verbal-numerical format was not affected by the level of visuo-spatial ability, suggesting that problems should be presented in simple verbal-numerical format for subjects with low visuo-spatial abilities, and in simple graphicalpictorial format for individuals with high visuo-spatial abilities (Kellen et al., 2013) .
Another relevant variable to be considered is confidence. Some authors (Harvey, 1997; Jackson & Kleitman, 2013; Moore & Healy, 2008) have highlighted that post item judgement confidence may influence the subject's metacognitive processes in problem solving. Other authors (Morony et al., 2013; Stankov, 2013; Stankov, Lee, Luo, & Hogan, 2012) showed that confidence is the best predictor of achievement in mathematics with respect to self-efficacy and anxiety. This aspect has been studied also by other authors (e.g., Thompson, Prowse, & Pennycook, 2011; Evans, Thompson, & Over, 2015) that identified the role of feeling of rightness in the problem solving and its relationship with the Type I and Type II data processing in the dual-processes approach (Stanovich, 2009) .
Then, referring to the above quoted papers, the interaction between the previously listed dimensions appears to be relevant when trying to account for graphical facilitation effect. More specifically, the investigation about this interaction seems to be more promising when dealing with students in the humanities who are naïve in statistics. Among these students, the difficulties faced by Psychology undergraduates in statistics are renowned. Guàrdia-Olmos et al. (2006) affirmed that essentially, the problem is tied to the excessive differences in academic backgrounds and the unrealistic expectations of the first-year undergraduates, who do not expect to encounter mathematics in their coursework. Indeed, they often feel inadequately prepared to cope with this content, or do not meet the requirements necessary to approach the matter (Chiesi & Primi, 2009a; Guàrdia-Olmos et al., 2006) . All of these aspects could have a negative impact on students' performance in statistics, which could become a significant obstacle for their studies.
In summary, this paper aims to explore the role of visuo-spatial and numerical abilities, attitudes towards statistics, statistical anxiety and confidence on students' performance in probabilistic reasoning, assessed in correspondence to verbal-numerical (N) and graphicalpictorial formats (G). These evaluations may shed light on the effect of graphical facilitation identified in the bibliography (Brase & Hill, 2015; Kellen et al., 2013; Garcia-Retamero, Galesic, & Gigerenzer, 2011; Moro, Bodanza, & Freidin, 2011) .
In this compound frame, time administration in problem solving appeared to be a crucial aspect. The timing could have an important effect on performance in connection to the cognitive and non-cognitive factors under consideration (Beilock, Kulp, Holt, & Carr, 2004) . The presence of time limits could support students' commitment to or increase their misuse of solution strategies (Beilock & DeCaro, 2007; Maule, Hockey, & Bdzola, 2000; Rieskamp & Hoffrage, 2008) . For this reason, we assessed student performances in both formats under conditions of presence versus absence of time pressure.
Moreover we attempted to inquire into these relationships in two Mediterranean countries (Italy and Spain), both of which are included in the European Higher Education Area (EHEA). These countries are frequently subject to comparison, showing both their differences and their similarities (e.g., Agasisti & Cordero-Ferrera, 2013) . We seek to explore whether the relationships among the cited variables are affected by the specificities of the two educational systems.
The variables assessed in this work are related both to the structure of the task and to individual idiosyncrasies. Thus, the innovation of this investigation concerns the merged evaluation of all these aspects, which have frequently been observed disjointedly in other studies.
METHOD Participants
Six hundred and seventy six first-year undergraduates in Psychology aged 17 to 52 years (M= 20.32 years, SD = 6.09), attending university in Italy (N= 549, males 27.1%) and Spain (N= 127, males 28.3%) participated in the research. They are enrolled in the Italian universities of Cagliari (n= 28), Chieti (n=144), Genoa (n=58), Milan (Catholic University n=50), Naples (Second University n=35), Pavia (n=20), Rome (Sapienza University n=173) and Trieste (n= 41); in Spain, the study was administered at the University of Barcelona. In the Italian sample, the Rome undergraduates completed the protocol under the condition of time pressure, unlike all other students. All subjects voluntarily participated in the research and gave their consensus to using their data for an empirical study.
The administration of the protocol in the different cities was based on the availability of each class. The research was conducted applying non-probabilistic sampling (convenience sampling). Data collection was completed in the first semester, from September 2013 to January 2014.
All research participants were undergraduates without statistical skills who had never previously studied statistics in their curricula.
Instruments
The undergraduates' demographic features were assessed, exploring gender, age, and previous curriculum exposure. Subsequently, each participant was presented with different sections, inquiring into visuo-spatial and numerical abilities (A and B), statistical reasoning in verbal-numerical and graphical-pictorial formats (C and E), attitudes towards statistics (D) and statistical anxiety (F).
In sections A and B, the Intermediate Form of Primary Mental Abilities (PMA) (Thurstone L.L. & Thurstone T.G., 1981; 1987) was applied, using the visuo-spatial and numerical scales. This instrument has been widely used with undergraduates (e.g., Fischer, Hickey, Pellegrino, & Law, 1994) because it is an effective instrument to assess spatial relations (Colom, Contreras, Botella, & Santacreu, 2002; Hegarty & Kozhevnikov, 1999) , or the ability to perceive spatial patterns (useful in understanding graphical representations).
The C and E sections consisted of items inquiring into probabilistic reasoning in two formats (N and G), appointed in previous phases of research (Agus, Peró-Cebollero, Guàrdia-Olmos, & Penna, 2014; Agus, Peró-Cebollero, Penna, & Guàrdia-Olmos, 2015) . These sections included five problems in both formats that questioned simple and conditional probabilities, referring to fundamental mathematical knowledge learned in high school. The G format included tree diagrams and iconic drawings, referring to classical studies conducted on these topics (e.g., Cosmides & Tooby, 1996; Sloman, Over, Slovak, & Stibel, 2003; Moro & Bodanza, 2010; Yamagishi, 2003) . All problems avoided the use of any irrelevant information that was not closely related to the structure of the problem (e.g., Knauff & Johnson-Laird, 2002; Moro et al., 2011) . Two examples of problems are shown in Figure 1 (N format) and Figure 2 (G format).
Each item comprised a brief description and four closed response options (with one correct response
). An open-ended question was also included whereby the undergraduates had to explain the reasoning they applied to solve the problem. A question inquiring into the students' confidence about the correctness of their performance (Likert scale: 1 = "no confidence", to 5 = "totally confident") was associated with each problem (Gigerenzer, Hoffrage, & Kleinbölting, 1991; Morony et al., 2013; Sloman et al., 2003) . The psychometric characteristics of the instrument were previously evaluated (Agus et al., 2015) , and the Italian and Spanish versions were created by means of back translation. The performances were assessed by adding the total number of correct responses in both formats (Agus et al., 2015) .
Section D assessed the Survey of Attitudes Towards Statistics (SATS-28 -Schau, Stevens, Dauphine, & Del Vecchio, 1995) . Students were asked to indicate their responses (7-point Likert scale ranging from 1 = "strongly disagree", to 7 = "strongly agree"). The SATS implies four dimensions: Affect (six items); Difficulty (seven items); Cognitive Competence (six items); and Value (nine items). The Italian version (Chiesi & Primi, 2009b) and Spanish version (Carmona-Màrquez, 2004) were administered in a way consistent with the original English questionnaire, and cross-country validity in Italy and Spain was demonstrated. The SATS Cronbach's α were good for the Italian (from .60 to .81) and the Spanish version (from .64 to .90). The scores were calculated by adding the answers for all items on the basis of manual indication.
In section F, the Statistical Anxiety Scale (SAS - Colet, Seva, & Condon, 2008) was administered. This scale consisted of 24 self-report items that required students to describe how they feel, for example, when attending a statistics class or an exam on a five-point scale. SAS involves three 8-item dimensions: Examination, Asking for Help and Interpretation. The score computation was based on the sum of answers. The students were presented with the Italian or the Spanish versions (Colet et al., 2008) based on their country. The measures showed high internal consistency (from .85 to .90 in the Italian version and from .81 to .92 in the Spanish version).
All instruments were administered in paper-andpencil format to large groups in a quiet lecture room.
Procedure
Each student was assessed on reasoning about problems in both N and G format in the same session in order to control the effect of individual features in the performance. All problems were administered randomly in different orders (NG, first N then G format, versus GN, first N then G format) and reversed sequences (1 and 2, the second reversed in respect to the previous, ensuring that each item was not in the same position on the protocol). Then, four modalities of problem presentation were obtained (24.4% of total sample answered the problems in the GN1 modality, 23.4% in GN2, 25.9% in NG1 and 26.3% in NG2).
When evaluating the answers, even cases in which the subject did not solve all problems were considered. Indeed, the missing answers often evidenced a great difficulty, as confirmed by the open-ended question following each problem.
Five hundred and three undergraduates participated in the protocol with no time limit (Italian n= 376 and Spanish n= 127) and 173 Italian undergraduates were subject to time limits. The latter were asked to complete sections C through F of the protocol within 30 minutes (for the PMA sections, the timing was fixed by the manual).
Data Analysis
The data analysis was undertaken by using R (version 3.0.2) and SPSS (release 19) software.
First, the analysis was characterized by the description of all variables. Before verifying the research hypotheses, the potential order and sequence effects of problem presentation on performance were assessed. One Way Anova was carried out on the total number of correct responses in two formats (N and G). The variable identifying the order and sequence administration (NG1, NG2, GN1, and GN2) was the factor used to the ANOVA of each sample. In all cases, it did not ascertain a significant effect of order and sequence in two formats [Spanish without time pressure: N format F=0.728, df= 3; 123, p=.537; df= 3, df= 3; 372, p=.998; G format F= 0.950, df= 3; 372, df= 3; 169, p=.267; df= 3, p=.080] . Then, the information related to different orders and sequences was investigated as if dealing with a sole sample.
Formerly, parametric statistical analyses were applied to verify the hypotheses related to graphical facilitation. To assess the specific role of all variables in predicting performance (in the N and G formats, respectively), two Multivariate Linear Regressions were performed; the accuracy of performance was used as criterion and the identified variables were inserted as predictors.
Then, a mixed design Ancova was computed, whereby the repeated measures were the performances in N and G, and the covariates were the significant predictors identified in the previous regressions. This analysis was suitable to compare the number of correct responses in the two formats, controlling the variables influencing the performances.
RESULTS
The descriptive statistics in each sample were then examined ( Table 1) . The samples presented similar values in terms of socio-demographics variables; moreover, the number of women exceeded the number of men in all samples. In relation to the university admissions mark, we observed similar values in two Italian samples (Table 1 ). The numerical scale was similar in three samples, differently as in the visuospatial scale, SATS and SAS dimensions. Furthermore, regarding the probabilistic problems, a higher number of correct responses was observed in Italians who worked under time pressure. Conversely, the Italians who worked without time pressure showed (always at a descriptive level) lower confidence than in other two samples (see Table 1 ).
To explore the effect of the variables in probabilistic reasoning, a Multivariate Linear Regression (Backward method) was applied, using the number of correct responses in the N format (Table 2) as the criterion, 
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For Spanish undergraduates on the first step in the N format, the significant positive effect of confidence was observed; this significance was confirmed by the last step of regression (β=.326). In this final step, the value of R 2 appeared low (.133), showing that there was a variability that remained unexplained by the predictors. For Italian undergraduates working without time pressure in the N format, confidence (β=.343) and anxiety in interpretation (β= -.188) had a significant effect (R 2 =.233). Finally, for Italians working under time pressure in the N format, the significant effect of numerical ability (β= .191) and confidence (β= .525) were detected (R 2 = .357) ( Table 2) .
Evaluating the regressions carried out using the responses in the G format as the criterion, we highlighted similar trends to those shown in the N format. In the Spanish sample, there are three significant predictors in the last step: the SATS value (β=.222), the SATS difficulty (β=.189), and confidence (β=.410) (R 2 =.243). For the Italian sample working without time pressure in the G format, the significant predictors were the PMA visuo-spatial (β=.140), the SAS interpretation (β=-.206), and confidence (β=.338). In this case, the final R 2 was .228. The Italian sample working with time pressure showed a similar R 2 (.218), but only confidence (β=.475) was a significant predictor (Table 3) . For all samples in both problem formats, the significant predictor was consistently the confidence. Moreover, it was observed that the variance explained in the G format was low and very similar in the three samples (R 2 varying from .218 to .243), unlike the variance in the N format, which had a larger range across the samples (R 2 from .133 to .357).
Mixed design ANCOVAs were then carried out to evaluate graphical facilitation, controlling the effect of significant predictors in the former regressions (inserted in the ANCOVAs as covariates). These variables were different in each sample examined; different analyses were thus applied. In particular, for the Spanish undergraduates, the covariates were the SATS Value, difficulty, and the confidence in N and G formats. For the Italian sample working without time pressure, the covariates were the SAS Interpretation, PMA visuospatial abilities, and confidence in both formats. For the Italian sample working under time pressure, the covariates were the PMA numerical abilities and confidence in the N and G formats (Table 4) .
In the Spanish sample an effect of the repeated measures in N and G formats was not found [F= 2.194, df= 1;122, p=.141, η²= .018 ], but it was observed that a significant effect of covariates was related to confidence in the N format [F= 12.210 In summary, the common aspects in the three samples were related to the role of the metacognitive dimension of confidence (Table 4) .
DISCUSSION AND CONCLUSIONS
The aim of this work was to investigate the cognitive processes underpinning probabilistic reasoning in Psychology undergraduates without any statistical expertise in problems in the verbal-numerical and graphical-pictorial formats. In particular, we sought to explore the effect of graphical facilitation (Brase & Hill, 2015; Moro et al., 2011) , accounting for the impact of some contextual (e.g., time pressure), metacognitive (e.g., confidence in the correctness of responses), cognitive (e.g., abilities, attitudes) and non-cognitive (e.g., anxiety) dimensions. The study involved Spanish and Italian undergraduates. A subset of the Italian sample worked under time pressure, whereas the remainder of the Italian and Spanish samples worked without time pressure. The current outcomes provide some interesting suggestions that seem to partially clarify the conflicting results present in literature.
Overall, it is possible to conclude that the presentation of problems in the graphical-pictorial format may partially contribute to overcoming the difficulties of inexperienced students in probabilistic reasoning when they work under time pressure. Indeed, this graphical facilitation effect was observed in Italians solving problems under time limits. Moreover, they showed a superior performance in both formats with respect to their colleagues working without time pressure (i.e., Italian and Spanish samples).
Furthermore, in an attempt to identify the variables predicting performance, we highlighted other interesting aspects. In all samples and in both formats, confidence was the stronger predictor of probabilistic reasoning performance. Nevertheless the percentage of explained variance in all regressions was low, which implies that a great part of variance of the criterion is not explained by the identified variables.
Specifically, using performance as the criterion variable in the N format, it was observed that confidence had a significant effect among Spanish students working without time pressure. For the Italians working without time limits, the SAS interpretation and confidence were significant; and for Italian students working under time pressure, the PMA numerical abilities and confidence were significant.
Considering the performance predictors in the G format, it was detected that consistently with the N format, the only significant predictor in all samples was confidence. In the Spanish sample, we also highlighted the effects of SATS value and SATS difficulty (greater than confidence). In the Italian sample working without time pressure, visuo-spatial abilities and anxiety in data interpretation (SAS) were also observed to be significant. Moreover, the unique significant effect of confidence was underlined in the Italian undergraduates working under time pressure. Subsequently, the application of a mixed design Ancova in relation to each sample allowed us to outline other interesting features. Specifically, the significant predictors in the previous regressions were used as covariates, focusing on the relationships really affecting the performance. Graphical facilitation could be identified only in Italian students working under time pressure. Moreover, this effect appeared to be influenced by confidence in the N format. In other samples (Spanish and Italian students without time pressure) a significant difference in performance across the two formats was not observed.
The results showed that confidence was an important dimension sharing variance in common with the criterion variables of performances, as other studies have shown (Morony et al., 2013; Stankov, 2013; Stankov et al., 2012) .
Based on these findings, it is possible to speculate that performance is developed and affected differently in students working with or without time pressure (Ackerman & Lauterman, 2012) . Ackerman and Goldsmith (2011) supposed that the mild time pressure gives less freedom for students to apply a learning regulation; conversely, however, it might be also perceived as stimulating (Pintrich, 2003) . Indeed, a slight time pressure could support motivated students to apply superior action implementation by disengaging from weakening strategies (Henderson, Gollwitzer, & Oettingen, 2007) . In this study, the effects of abilities, attitudes, and anxiety appear to be different under time pressure. Moreover, only with time limits in place there is a significant effect of numerical abilities in the N format. These findings may be related to the literature affirming how undergraduates may change their problem solving strategies on the basis of their abilities, adapting to the requirements of the problem (Wilkinson, Reader, & Payne, 2012) .
Consequently, considering the inter-related factors, it is possible to suppose that the usefulness of graphics is affected by some aspects (Dewolf, Van Dooren, Ev Cimen, & Verschaffel, 2014) . Generally, the results showed that in two out of three samples, the use of graphical-pictorial representations did not improve students' performance in probabilistic reasoning. These findings may support the hypothesis that there was not a "simple" graphical facilitation effect. Moreover, in the performances, the presence versus absence of time pressure interacted with other dimensions, particularly with the attitudes towards statistics. This is consistent with the work of Tempelaar et al. (2007) , who observed that students' attitudes were linked to former knowledge and specific abilities. In this work, when the prediction of performance accuracy in the N and G formats was evaluated, it was only possible to highlight some significant effects of attitudes for the prediction of the G format for the Spanish students who worked without time pressure.
The findings of this research may also be related to the statements of Kellen et al. (2013) . They found a direct relationship between the performance in graphical-pictorial format and the level of visuo-spatial abilities. In the present investigation, this relationship was recognised only in Italians working without time pressure, in which significant effects of the anxiety scale in data interpretation and of confidence in the G format were also observed. It was interesting to observe that this sample presented the worst performance in both problem formats compared to the other samples (Italians under time pressure and Spanish students without time pressure). At the descriptive level, they also showed lower levels of visuo-spatial abilities and higher levels of anxiety in data interpretation (compared with the other two samples).
Taking account of these dimensions, our findings might be also evaluated in relation to the Stanovich's model of Dual-Process (e.g. Evans & Stanovich, 2013) that defines the close relation between intuitive and reflective data processing. The probabilistic tasks given to our undergraduates without any statistical expertise, could be solved by the use of Type I processing, in which is used non-normative, non-conscious, instinctive, associative and automatic knowledge. This Type I of processing could appear mainly in relation to the verbal -numerical format of problem; this aspect may be due to the similarity to the classical format of mathematical problems presentation at school. However, coherently, a stronger role of the processing Type II might be implied in the graphical -pictorial format of problems. In this format, as consistently the literature shows, we can observe an effect of facilitation and the more specific significant effect of metacognitive dimension of confidence (e.g. Stankov, 2013; Stankov et al., 2012; Tempelaar, 2009; Tempelaar et al., 2007; Thompson et al., 2011) . The application of Type II of processing seems to be enhanced in the G format, in where problems have a minor similarity to the classical probabilistic problems solved by students at high school (Horton & Aykin, 2005) . Moreover, the effect of graphical facilitation seems to be supported by the presence of a mild time pressure, that don't allow to students to apply cognitive ruminations on their abilities, reducing the attitudes and anxiety effects (Ackerman & Lauterman, 2012; Henderson, Gollwitzer, & Oettingen, 2007; Maule et al., 2000) .
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© 2015 iSER, Eurasia J. Math. Sci. Tech. Ed., 11(4), [735] [736] [737] [738] [739] [740] [741] [742] [743] [744] [745] [746] [747] [748] [749] [750] Our outcomes could seem a little evidence to agree with the nested sets approach to probabilistic reasoning (Sirota, Juanchich, & Hagmayer, 2014) , supporting the relevance of thinking dispositions and metacognition in the solution of probabilistic problems, both in verbalnumerical than in graphical-pictorial formats (Stanovich, 1999; Stanovich & West, 1998; Thompson et al., 2011; 2014) . Furthermore, in our work, when the students work without time limits, we confirmed the nested sets individuated by Sirota et al. (Sirota, Kostovičová, & Juanchich, 2014) ; but, when the same problems were administered in a mild time pressure, the effect of graphical facilitation might appear stronger and significative than in other conditions, as potential results of application of a deeper and analytical cognitive data processing (Stanovich, 1999) .
Our findings could be coherent with the statements of Sirota et al. (Sirota, Kostovičová, & Juanchich, 2014) ; they underline that when the problem structure yet enlightens the nested sets data, in this case the graphical format don't support the reasoning more than verbalnumerical format (as we observed in our data when probabilistic problems were solved without time pressure). Nevertheless, in our work we observed a significant effect of graphical facilitation in time pressure. This result could be explained by the enhancement of commitment and by an encouragement to apply a deeper data processing in presence of time limits (Maule et al., 2000) , which could amplify the reflection on nested sets, the application of Type II processing in both formats, but especially in the graphical-pictorial.
Moreover our results could be a little evidence of the role of individual differences in the probabilistic reasoning, in which attitudes and abilities (as numeracy and visuo-spatial skills) could have an influence in the application of reasoning (Sirota & Juanchich, 2011) . Our finding moreover might be considered coherent in the light of nested sets approach, with the problem interpretation hypothesis (Sirota, Kostovičová, & Vallée-Tourangeau, 2015) , supporting the idea that the problem presentation structure might recall in memory specific information related to mathematical operators useful to solve the problem (e.g., Kintsch & Greeno, 1985) ; from this aspect could derive the facilitation effect. Specifically, an adequate mental representation of the problem might trigger the suitable information, outlines and mathematical procedures, improving in this way the probabilistic reasoning (e.g., Sirota et al., 2015) .
Then it is possible to presume that the graphicalpictorial format was not facilitating probabilistic reasoning per se. It is reasonable to speculate that undergraduates without statistical knowledge could sometimes fail to appreciate a graphic because they cannot understand it or recognise the data it is supposed to describe (Rundgren & Tibell, 2010) . Moreover, it was useful to observe that many students in this study declared in the open responses that they did not understand the structure of the graphics and preferred reading the text. This preference could also be associated with the students' learning and cognitive styles, which may carry a preference for the verbalnumerical format of problem presentation (Kirby, Moore, & Schofield, 1988; Sternberg & Grigorenko, 1997) . This preference could also be related to the common cultural habits in Western and European countries, where the classical learning and teaching approach to numerical problems does not often include graphical-pictorial representations (Horton & Aykin, 2005) .
These findings leave many questions unanswered related to the specificities of Italian and Spanish undergraduates, who use different curricula. Moreover, the 2012 PISA reports highlighted some dissimilarities between Italian and Spanish learners. In this study, students' performance in Italy and Spain was similar in mathematics, reading, and science, but appeared to be different in problem solving (http://www.oecd.org/pisa/keyfindings/pisa-2012-results.htm). Indeed, Italians showed a good performance on interactive tasks and knowledge acquisition problems; Spanish students, however, showed a similarly good performance on interactive tasks, but a weaker performance in knowledge acquisition tasks (http://www.oecd.org/pisa/pisaproducts/pisainfocus/ pisa-in-focus-n38-(eng)-final.pdf). It is possible to speculate that this distinction may indicate real differences in educational systems, characterize and define respective strengths and weaknesses in each country.
It is also important to reflect on the limits of this work. It could be useful to assess students' mathematical and statistical self-efficacy in the protocol in order to control their effect on performance and their relationships with other variables. Another important psychological dimension to investigate could be the locus of control, in order to assess the role of causal attributions and their associations with cognitive and metacognitive dimensions (especially confidence). Investigating cognitive styles and learning styles could also undoubtedly be advantageous in order to explain differences in performance in the two formats (Blais, Thompson, & Baranski, 2005) . They may exert an important influence on the supposed effect of graphical facilitation, interacting with the other dimensions. Coherently, in order to better understand the performance, it could be worthwhile to analyse the cognitive processes applied in problem solving compared with the probabilistic reasoning carried out (Lorenzo, 2005; Polaki, 2005) . Another crucial aspect may be related to the assessment of social desirability, which could exert an influence on the self-reported evaluations of attitudes and anxiety (Fastame & Penna, 2012) .
Finally, it is possible to outline some of this work's strong points. One is its evaluation of the effects of graphical facilitation (Brase & Hill, 2015; Moro et al., 2011) , comparing similar problems solved by the same inexperienced students, controlling the influence of cognitive, metacognitive and non-cognitive variables that have been classically identified in previous studies, under conditions of the presence versus absence of time pressure (Guàrdia-Olmos et al., 2006; Morony et al., 2013) . The simultaneous evaluation of these dimensions constitutes an innovation in this work. Further, the assessment of the influence exerted by visuo-spatial skills has generally been marginalized. Nevertheless, it appears to be noteworthy in shedding light on graphical facilitation in problem solving (Kellen et al., 2013; Zhu & Gigerenzer, 2006) .
In conclusion, this work provides some stimulating outcomes in relation to the way in which psychology undergraduates lacking statistical knowledge can handle probabilistic problems. The findings may be useful to shed light on the usefulness of graphical-pictorial representations in probabilistic reasoning.
These outputs highlight the utility of a broader approach to the understanding of performance in verbal-numerical and graphical-pictorial formats and of effect of graphical facilitation. The use of the frequentist approach with problems in simple formulations could support probabilistic reasoning in undergraduates without statistical knowledge. Kellen et al. (2013) stated that this fact was apparent in the N format in the case of low visuo-spatial abilities and in the G format of problem presentation in the case of high visuo-spatial abilities.
These results may provide some implications for empirical matters and help to outline specific intervention programs useful to support and enhance this reasoning, which is crucial in statistics.
